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BACKGROnND OF THF INVENTION 

Technical Field 

The present invention relates to compositions and processes for the chemical 
mechanical planarization of surfaces in the fabrication of integrated circuits, and more 
particularly, to the use of ozone a^ an oxidizing agent in chemical mechanical 
planarization. 
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pp-;r.rintion of Related Art 

Chemical-mechanical planarization (CMP) is a process employed to remove 
various materials from wafer surfaces during the manufacture of integrated circuits, 
creating thereby a substantially planar surface that facilitates accurate patteming and 
deposition of subsequent layers. Typical CMP processes use a pohshing pad rotating in 
contact v^ith the wafer to be planarized with the introduction of a suitable CMP reagent 
between the wafer and polishing pad to facilitate material removal and plananzatioa. 
CMP reagents typically include an abrasive slurry containing, among other components, 
abrasive particles and various oxid.zing agents. Abrasive particles used for CMP include 
20 alumina, silica, spinel, ceria, and zirconia, among others. 

The areas of applicability of CMP processes have expanded to cover a large 
vanety of materials, including metals. This expansion of applicability has stimulated a 
continuous search for new oxidizers that will make CMP processes of metal more 
effective Oxidizers such as hydrogen peroxide, potassium fcmcyamde, penodic acid, 
25 hydroxylaminc and its salts, and other such oxidizers have resulted from this continuous 
search and are currently being employed in CMP processes of metal. However, these 
oxidi.c.s have several drawbacks including, inter aUa, the creation of waste streams such 
as iomc waste streams that must be treated and removed from CMP process areas. 
Additionally, these waste streams may also include metal oxides from the wafer surfaces 
30 themselves. Such waste streams are rather complex and are quite difficult to treat and 
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• d.spose of effect.ve.y. For the foregomg reasons, an^ong others, there .s a r.eed tor an 
ox,d^cr that will make CMP processes of metal more effective and reduce challenges 
assocated w.,h treating the typical iomc and complex waste streams of conventional 
CMP and their associated hazards to the environment. 
5 The present invention provides chemtcal compositions and processes that mcrease 

&e effectiveness of CMP processes (typically CMP of metals) and/or ameliorate the 
challenges of treating and disposing of present day lomc and complex waste streams m an 
cnvtromnentally friendly manner by making use of ozone (O3) in aqueous and/or gaseous 
form For example, the chemical compositions and processes pursuant to tiie present 
mvention are particularly advanUgeous for CMP processes of tungsten, copper, stiver, 
gold, platinum, iridium, ruthenium, and aluminum metals as well as for CMP processes 
of organic materials having a low dielectric constant ("low k"). 

Ozone has been used as a component of cleamng solutions used for contammatxon 
contxol and cleaning separate from the CMP process. For example, see Stanley Wolf and 
Richard N. Tauber, SB^ONPRQCE SSTNG FOR THE VLSI ER A Volume 1: Proc ess 
Technology. 2"" Ed. (Lattice Press, 2000). pp.131 - 133. Ozone cleaning of wafer 
surfaces following CMP is described, for example, by E. K. Greiger et. al , U. S. Patent 
6 100 198 ozone has also been used as an oxidizer in the formation of structures integral 

the'integrated circuit. For example, ozone-enhanced local oxidation of silicon is used 
in forming a field isolation structure in the work of Thakur ... (U.S. Patents 5,672,539 
and 6 072 226) O^one-nch TEOS layers (tetraethoxysilane layers) have been used in the 
formation of dielectric layers on integrated circuits in the work of Chen andTu (U.S. 
Patent 5 869.394) and Jang et. al (U.S. Patent 6,143.673). 

However, in contrast to the prior art. the present invention makes use of ozone as 
areagent m the practice of CMP. Ozone is employed in the form of a gas delivered 
directly to the surface to be plananzed, and/or used in the form of an ozone-containmg 
aqueous solution, optionally used m combination with abrasive particle, in combination 
with other CMP reagents, or used in other embodiments described herein and/or obvious 
to those having ordinary skills in the art. 
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sillviMARY 

The present invenUon r.late3 to the use of ozone (O,) a. a reagent in chemical 
n^echanical planarizatic. Ozone can be del.vered to the surface to be planar^zed .n 
5 several fonr.. tnclt^iing .n an aqueous solution or as a gas. An a.ueous solut.n 
contarmns ozone n>ay optionally contain abrasive particles and/or addUtonal CMP 
.cagents co-d.sso.ved wtth the ozone. Co-reagents useful tn CMP m cooperation w.th 
ozone uxclude cari,onate and bicarbonate anions, and organic acids such as for™,c, oxal.c, 
acetic and glycol. Ozone can be dehvered directly to the surface to be plananzed m the 
10 formofagas. Combinations of the foregoing ozone-contair.ing reagents can be 

employed in CMP. optionally in cooperation with other non-ozone-contatmng CMP 
reagenU, within the scope of the present invention 

Ozone (O,) is typ.caily formed in an ozone generator by parsing oxygen through 
anenergyfield.typicallyaplasmaorionfield.formingozonem.,ru.Insome 

15 cntbod^ments of the present invent.on. rt is convenient to generate the ozone and^the 
ozone-containing reagent (or reagents) on-site as needed and proximate to the CMP 
apparatus where the ozone-containmg reagent(s) will be consumed. Some embodtrnents 
of the present invention make use of o.one dtssolved in water (preferably DI water) to 
fonn an aqueous solution. Typically the concentrations of ozone m DI water w,ll be m 
20 the range from approximately 1 part-per-milUon ("ppm-) up to satuxation^oss.bly 

excelg^Oppm. Such^aciueoussolutioncanbeuseddrrectlyforCMP^d.spensmg 
the solution between a wafer surface and a poUshmg pad to planarizc the surface. 

Other embodiments of the present mvention make use of ozone dissolved m water 
along with additional abrasive and/or reactive chemicals. Abrasives that may be added 
.„aude alumma, silica, spinel, ceria. and zirconia. Other reagents that may be added 
.nclude carbonate and bicarbonate anions, oxalic acid, formic acid, acetic acid and glycol 

ozone gas may directly impinge on the surface to be plananzed pursuant to oOier 
embodiments ofthe present invention. „ , , _h 

The compositions of the present invent.on can be used for CMP of platmum and 
oche. matenals ttiar are difficult to plana^ze wUh conventional oxidizers. Other nictals 
.nCude nithenium. indium, gold and aluminum. TU. compositions of the presen 
.nvention can also be employed to coact with Silicon such that it can be polished to better 
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■ ■ surface f.n.shes. Ma.eda, re..ova. can be fac.itated pursuant to the present invention by 
.he inclusion of anxmon.um salts, .nclud.ng aa.monium chlorides, ammonium n.trate and 
particularly amrxionium carbonates, 

ozone compositions pursuant to the present mvent.on break down typical organic 
5 polymers, nabber or other low k materials, thereby directly polishmg organic low k 
dielectric films, 

Th. compositions of the present invention may be employed for pohshmg hard 
d.sk and m.cra elcctncal mechamcal structures (MEMS), including films contammgNtP. 
Cr, Al, Si02, Si or Al metal. 
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^ gPlF^p-^rRTPTION OF TiiEDRAWINGS 

Pigure 1 : Block diagram for ozone generarion and flow pursuant to some embodiments of 

the present invention. 

Figure 2: Schematic cross-sect.onal depiction of typical chenncal n.echan.cal plananzation. 

sectional depiction of through-platen reagcnt(s) delivery for 
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Figure 3: Schematic cross 
chemical mechanical plananzation. 

10 



Figure 4: Process flow chart for through-platen delivery of reagent(s), according to some 
embodiments of the present invention. 
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PTT^ Fn nKSCRIPTION u .1 

The present mvenuon relate to the use of o.oae (O3) as a reagent m chem.ca. 
n.echan.cal plananz^tion ("CMP") as performed ia the fabrication of ir^tcgratcd crcuas. 
Ozone for CMP pursuant to tire present .ver.t,on can be used in several forms, O.one can be 
dissolved in .ater (preferably de.oni.ed -DP - water) to form an a.ueous so lut.on^ An 
ieous solution conta^ninsozonernayoptionaUyconta. abrasive particles an^^^^^^^^^ 
CMP reaacnts co-dissolved wrth the ozone. Co-rea^ents usefUl .„ CMP . cooperation w:th 
o.one include carbonate and bicarbonate anions. ar.d organic acids such as formrc, o.a.. 
acetic.d.lycol. O.one can be dehvered drrectly to the surface to be p ananzed . t 
of a gas combinations of the forcgomg ozone-contarning reagents car. be employed m CMP 
:p:iolllyincoope,atronw,thotHernon.o.one-containingCM^ 

^"^":;Lbeforrrredor generated insever^lwaysmcludin^bym..^^^^^^^ 
o.one generatorpassirrs oxygen through an energy field, typrcally a plasma or ron field, 
onmng ozone . s.. .om a combination of three oxygen atoms For example, ozone c^b. 
general by silent d« in an o.ygen-contaimng gas. Silent discKarge^.^ con., o 
U.scharge,relatestoast.lcpUsmad.chargeorcoronaldischarge.Apo.^^^^^^^ 

lolecular oxygen subject to the discharge U dissociated into atomrc oxygen. The eactrve 
::Latomlbse.uentlya„achthemselve.inanexothermicreac.onto^ 
Jfom^rri-atomrc oxygenmolecules. accordingly ozone. Theo^neyreld d^^^^^^ 
^lectKc field strength and operatmg temperature among other facto.. The depend^ce 
yield on operatmg temperature relates to the fact that higher temperatures d.splace the 
equilibrium of Eq. 1 away &om ozone, diminishing its yield. 

Eq. 1. 

O2 + O ■<-* Oa 

ozone generators are Vcnown in the art and commercially available. Thus m some 
embodimet^ts of the present invention, .t is convenient to generate the --^-^^"^.^^^ 
ozone-confining reagent (or reagents) on-site as needed and proximate to the CMP aPP-^^ 

30 Ir. the ozone-containing reagcnt(s) will be consumed. These .7-;^^^^, 
dlult,espresen.edby.efactthatozone.squitcreactiveandthe_^^^^^^^^^^^ 

molecular oxygen, O. making H challenging to retam ozone for a substantial 
However, the rate of ozone decomposU.on and/or reaction can be slow 
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..th rcsp^ct .0 molecular oxygen, O. makmg ,t challenging to retam ozone for a substantial 

period of time. Ho.ev., " ..agent(s) for later 

making it difficult, but not impossible, to store ozone 
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- .se Tobeconcretcinou.d«cripnon,wedcscnbe.ndetaUembod>n>entsof.hcp.ese^^ 
■ .nvenuon generating ozon. on-s.t.. understanding thereby that ™bodin,eats making use of 
' ozonc-corttainiug reagent(.) previously generated are included within th. scope of the present 



invention. 



some einbodinients of the present invention mak. use of ozone dtssolved m water 
(preferably DI water) to form an aqueous solution. Typically the concentrations of ozone in 
I .ater will be in the range from approximately 1 part^per-milhon ("pptn") up to saturation, 
possibly exceeding 20 ppm. depending on solution temperature. For economy of language, 
we refer to such solutions of ozone dissolved in water as "Composition A. 
5 Following ozone generation and dissolution in an aqueous solution to form 

composition A, some embodi^aents of the present invention use Composition A direct^ for 
CMP That is, m these emboduncnts. Composition A is dispensed between a wafer surface 
and a polishing pad to affect CMP leading to planar^ation. Conventional CMP equipment is 

typically used for perfonning CMP with Composition A. 
S Morespecifically.andreferringtoFigurel.anozonegenerator^Ogeneratesozone 

^om oxygen supplied by an oxygen source 22. A flow controller 24 is typically used . 
controltheoxygenflowratetotheozonegenerator^O. ^ 

typically delivered into an aqueous solution 26 such as DI water and dissolved therem to 
rrLcompositlonApursuanttothepreseritinventionCoramodificationofCom^^^^^^^^^ 
,0 DI water is not employed). Composition A Cor a modification thereot) can then be ported 
L^valve^StoCMPapp^atusBOwhereintheCMPprocessispreformed. As depic «1 
. Pi^e Mhese embodiments are a "pornr of use process'' where.n the 

Ltr^uite Close to the actual CMP apparatus 30 and supplies Composition A substantially 
immediately to the wafer being polished for obtaming maximum effective use of the 
25 oxidation properties of the o.one contained in Composition A. 

The telperature of Composition A gcneratedin 26 may optionally be controlled. In 
some embodiments, a rcliigcrator 32 may be used to lower the temperature of the aqueous 
:.onesolution providing therehyahighersolubilityofo.one.RefHgeratmgC^^^^^^^^^^ 
also allows one to maintam higher concentration of o.one for a longer period of time. 
30 However there is typically a cntica. upper concentration of o^onc above which undesirable 
:::t:::'andinteralnsbetweend.ssolvedo.oneoccur^ 

"lllymany CMP processes aretemperaturedependent.Xh.^be„ercon.o.of 
.he planan^ation process is achieved by controlling the temperature of the CMP reagents. 
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1 «,„«,. CMP .pp-.~s 30 .h.,=in*. CMP P~c».f««.l»P"f°n»ci 

o»». S»«>.=4 """-^ "^■^ "t^^ 

Altemati ly, rfo^ins the CMP process of metal. A microprocessor 

remgerator 32, and the nuxmg ^^^^^^^^ 3^ 

.oatroUer 36 or a separate microprocessor also be use 

The CMP apparatus 30 can employ a conventional CMP delivery sys 

1 he i^ivir pp « ^ „ , wafer surface and a polishing pad to carry out 

composition A or Composition B. between a wafer surfa P 

,0 thepoUshin.leadingtopla.^.ation. ^—^^ ^ ^jfjj 
,_..obelesse.ec. 

,3 "r::iCl*onotethato.ne,ev.ninsolution,..^ 

compositions pursuant to t p down-stream, as is typically the case 

being polished instead of bemg apphed furthe p of the 

for some conventional CMP apparatus (typically 1 to 6 inche d 

N For example and with reference to Figure 2, the CMP appara 
30 wafe. carrier). For example^a ^ ^^^^^ ^^^^ ^ ^^^^^^.^^ p,. 
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, °"-'«".c.„..,».p».»-p»»".--"--"'7-^^ 

rip.. Sp«.*. n.EC 5,6. «d ™ ,yp« =,u.P».«. wH.. .»P».«». - 
!ldin« . ve,, good di»=. ^ wi«> «. «p~«c of co„,.o„».n. » 
CMP ™ *H 0,. =».p».ion. (C»P»H» 

.,„.rcc^e,S0„dpl..«,60.Th.CMP^P™«.30c„di^cn..«yo„of«„ 

::u:;Sp.d«w,*».p~.»...».=.c^«»--"*-'— 

« ""^"'Fig.,. 4 ou,«»=. CMP proc^^s ^ » 

i„„„.o„lp..i».«. - WW „fc..» „ Pi^-s . -d4, o,o«B«, » 

---"-r:— ^^^^^ 

Jd Co»po*i» A .« d*.,=. » *= CMP «P.~- 30 wh.»„ CM 
r™..l i. Pcrto^l A.»r,.Uvd,. r=«s=«.d Co™p=...,.n A or d,= 

:::::™iA=..d.=„o^r„,.».»o.~.---.---»« 
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^ r^fr^ aerated Composition A with the abrasive 

1- V, t\.^ H^Pree of danger is somewhat on the same oraci 

„„„.«„»r.K.p»-H„„.>~^~ 

„a wi=->y — • PH ' 1,1 „v= CMP p™«s.i« 

c ^iir<;uant to the present invention provide less aggressi 
,0 co.pos.uon ^^^^^ .anges gen..Uy ^own in the an 

envucnmcnts for ox.de r«no ^^.^ ,^,,,.ve rcn^oval of metal or oxide as 

,^..n.pH.a...on^^ 

caused by typical low pH CMf soi ^ ^ , , That is one mechanism by 

passxvate the surface agamst chemical attack. A 
^.hthepolishin.padthusremovesmatenalmore.ap.dly.0^^^^^^^ 

repressed re.ons. .ot .n contact with the pol« ^ ^^^^ ^^^^^^^ 
^..1hv the oxide passivation layer. Ozone aggressively 

dissolved. Thus, less aggress typically used to 

p.s.vanon layer, leading to improved plananza.on. A final nnsc typ 

complete the CMP process. 
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■ . ' a oxil fi.™ is fonned on ^S^- lay., in contac. wUh .he ozoncconta.n.ng 

^'"^'^ Tor present .venUon. providing effective dep..s=d-.esion p.ote.uon 

Prefcrcnua ^^^^.^^^^ ^^^^ ^^^^ plananzaUon. 

5 eicpolUhmg pad mcooperafon with _ i,c u.ed forCMP of plaUnum that 

^eco.posU.on.on.ep.~^^^^^^ 
,.uaUy.u.te.ne.tot>.tcaIo.d.e.J-^^^ 

such oxidizmg solutions as mtnc ac.d or n.tnc actd^y ^^^^^^^ 
_.th.o..— 

3bras.ve aotton of the pad or by P ^^^^^.^^ ^^^^^^ 

«,.Mherepeatedlyp.fonned-^^^^ 

^::'"d o:"~ 

invention by providing a strong oXtd.ztng med^a to o..d.zc th 

"""Uonsoft.epre.entinve..onareaUouse.UortK=pl^^^^^^ 

films contain.r.g r.m-um and/or ruthcuum ox.de. 

^ecotnposi..onSofthepresent..vent,oncouM bec-^^^^ 

.aiconsuc.tbat.ca.bepoUshedtoobta^be«e.surfacefita.^^^^^^^ 

_rapidlyforrnsUicaCSi0.ontbewaf..rfac.^^^^^^^^ 

^- 1.. of I Snm Conventional CMP with a pH>9 typically mvol 
particles, of 1-5 nm. particles typically 

sUlcate species. [SiOJ^- Material removal in the form of very m 

25 results in a better surface finish. vigorously 
._o.neh P_^ 

.Hereby decreasing the ^f^-^^ ,„eluding ammoiuum 

solution. However, to promote material rem ,™es can be added to 

_ ^ r,art.cularlv ammonium carbonates, can □<= 

certain cases with certain metals. P ^ C or -C-N- bonds, promoting thereby a 

FunhciTuore, ozoric can be used to open -C 

■ tn break dowB typical orgamc polymers, for cxampk, the SIL^ 
radical cham reaction lo break down 
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■ .K,DowBCB>>m.n.r«.«»<>b>Do«Co,ni.E.n,bb,,o,o*.tl<,wk 

» do low . ^U.hi»S. ,„ 

Moreover the compositions pursuam lo mc pi . , ci r . 

Trlsion *e present invention — es ove.co.es one or .ore of t.e 
Inconclusion. P j^^eal compositions th.t contam ozone. 

10 shonco.ingsofthe,a.o^pnoranbyp™v^^^^^^^ 

by prov.dmg CMP processes of metal and W ^^^^^^ ^^^^ 
..organic) wiOr these chermcal composrUons wlule ^^^"^^^ ' ^^^^^ p„,^3^ 
either oxysen or metal oxide materials in part.le form. ^J^;,^ J ^^^^^ 

o,.etalmoreeffective.ni.eelirninatin.presentday.on.ca.ac^p^^ 

VUcd the art appreciate that, given the present disclosure, 
20 Those skilled in the an will ■ipH he <;oirit of the inventive 

u to the invention without departmg from the spmt oi 

n.od.ficat,cns may be made to the ^^^^^^^^ 
concept described herein. Therefore. It is not intended tha, the scop 
,„ul to the specific and prefe.ed emhodiments .Ut^tratcd and descnhed. 
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